Dihydrofolate reductase is required for the development of heart and outflow tract in zebrafish.
Folic acid is very important for embryonic development and folic acid inhibition can cause congenital heart defects in vertebrates. Dihydrofolate reductase (DHFR) is a key enzyme in folate-mediated metabolism. The dysfunction of DHFR disrupts the key biological processes which folic acid participates in. DHFR gene is conserved during vertebrate evolution. It is important to investigate the roles of DHFR in cardiac developments. In this study, we showed that DHFR knockdown resulted in the abnormal developments of zebrafish embryos in the early stages. Obvious malformations in heart and outflow tract (OFT) were also observed in DHFR knockdown embryos. DHFR overexpression rescued the abnormal phenotypes in the DHFR knockdown group. DHFR knockdown had negative impacts on the expressions of NKX2.5 (NK2 transcription factor-related 5), MEF2C (myocyte-specific enhancer factor 2C), TBX20 (T-box 20), and TBX1 (T-box 1) which are important transcriptional factors during cardiac development process, while DHFR overexpression had positive effects. DHFR was required for Hedgehog pathway. DHFR knockdown caused reduced cell proliferation and increased apoptosis, while its overexpression promoted cell proliferation and inhibited apoptosis. Taken together, our study suggested that DHFR plays crucial roles in the development of heart and OFT in zebrafish by regulating gene transcriptions and affecting cell proliferation and apoptosis.